Purpose. This study was designed to determine the relationship of microcalcification morphology and distribution with clinical, histopathologic, biologic features, and local recurrence (LR) in patients with pure ductal carcinoma in situ (DCIS) of the breast. Methods. All patients with pure DCIS who underwent preoperative mammography at our institution from 1996 through 2009 were identified. Mammographic findings were classified according to the ACR BI-RADS lexicon. Associations between mammographic findings and clinical, histopathologic, biologic characteristics, and LR were analyzed. Statistical inference used multiple logistic regression and Cox proportional hazards regression adjusted for age and confounding due to bias from nonrandomized selection of radiation therapy. Results. We identified 1657 patients with microcalcifications visualized on mammography. The mean age at diagnosis was 55 years (SD, 11). The mean follow-up was 7 years (range 1-16). Ipsilateral LR was 4 % in segmentectomy (987) and 1.5 % in mastectomy (670) patients.
Increased LR risk was seen in patients with dense breast tissue (p \ 0.05) and larger DCIS size (p \ 0.01). Radiation therapy was associated with a 2.8-fold decrease in the LR risk. Fine linear (branching) microcalcifications were associated with 5.2-fold increase in LR. Extremely dense breast tissue was associated with positive/close margins (p = 0.04) and multicentricity (p \ 0.01). Younger women were more likely to have extremely dense breast tissue (p \ 0.0001), multicentric disease (p \ 0.0004), and undergo mastectomy (p \ 0.0001). Conclusions. Dense breast tissue, large DCIS size, and fine linear (branching) microcalcifications were associated with increased LR, yet overall LR rates remained low. Extremely dense breast tissue was a risk factor for multicentricity and positive margins in DCIS.
The introduction of screening mammography has led to a significant increase in the number of patients diagnosed with pure ductal carcinoma in situ (DCIS). Before the widespread use of screening mammography, DCIS accounted for fewer than 5 % of breast cancers. Currently, DCIS accounts for 20-30 % of all breast cancers and 30-50 % of all mammographically detected breast cancers. [1] [2] [3] [4] [5] There is a general consensus that DCIS represents a noninvasive nonobligate precursor of invasive breast cancer. [6] [7] [8] Therefore, the early diagnosis and management of DCIS are critical to prevent the development of invasive cancer. [9] [10] [11] [12] Mammographic detection accounts for 90-95 % of DCIS, which presents as suspicious microcalcifications in 60-90 % of lesions. [13] [14] [15] [16] The survival of women with a diagnosis of DCIS is excellent, with no difference in long-term survival between patients who undergo mastectomy or breastconserving surgery (BCS) with postoperative radiation therapy (XRT). Therefore, despite the low rates of treatment failure seen with mastectomy (1-2 % at 10 years), the standard management option is BCS with or without sentinel node biopsy and XRT, which has been reported to result in local treatment failure rates of 5-10 % at 10 years. [17] [18] [19] [20] It has been proposed that the biological aggressiveness of breast cancer also can be predicted by mammographic characteristics. Fine linear (branching) calcifications have been suggested to indicate higher risk of LR and poor longterm outcomes. However, these studies have been based mainly on reports of invasive breast cancer or DCIS with an invasive component. 6, 7, [21] [22] [23] [24] The purpose of this study was to determine the relationship between the morphology and distribution of microcalcifications on mammography and clinical, histopathologic, biologic features, and LR in patients with pure DCIS.
MATERIALS AND METHODS
Patient Selection, Treatment, Clinical Assessment, and Follow-Up Following institutional review board approval, our Breast Cancer Management System database was searched to identify all patients with a diagnosis of pure DCIS who underwent mammography and were treated at our institution during the period from January 1, 1996 through July 31, 2009. This is an expansion of our previous study, which included only patients with known ER status; in the current study, we included 692 additional patients who did not have ER status determined. 25 Radiation therapy following BCS was routinely discussed with every patient who had DCIS and underwent surgery at our institution. For patients with lesions \1 cm and margins [3 mm and for postmenopausal women with low-grade disease, the possibility of observation instead of XRT, with or without tamoxifen, was discussed. In general, the decision whether or not to deliver XRT was made by consensus on the basis of a multidisciplinary conference input together with patient preference. After the diagnosis and treatment of DCIS, patients had yearly clinical examinations and yearly mammography with or without sonography.
Histopathologic Assessment of Microcalcifications
The original pathology slides from biopsy and/or surgery were reviewed by 1 of 11 dedicated breast pathologists with 5-25 years of experience and re-reviewed by a dedicated breast pathologist with 20 years of experience. When the original slides were not available for review, data were obtained through review of pathology reports. The following parameters were recorded: nuclear grade; presence of comedonecrosis; architectural pattern; DCIS size; and ER status, defined as positive if nuclear staining was present in at least 1 % of cells.
Imaging Assessment of Microcalcifications
Each mammogram (standard two-view with additional views as necessary) was originally read by 1 of 14 dedicated breast radiologists with 6-21 years of experience and was re-read for this study by 1 of 4 dedicated breast radiologists with 6-12 years of experience. When the original images were not available for review, data were obtained through review of mammography reports.
The American College of Radiology Breast Imaging Reporting and Data System (ACR BI-RADS) lexicon, fifth edition, was used to classify all mammographic findings with respect to breast tissue density, masses, microcalcifications, architectural distortion, and focal asymmetry. 26 Only patients with microcalcifications demonstrated on mammograms were included in this study. The DCIS size was defined as the maximum length of microcalcifications on mammography. Microcalcification morphology was classified as punctate/amorphous, coarse heterogeneous/fine pleomorphic, or fine linear (branching). Microcalcification distribution was classified as clustered/grouped, linear/segmental, or regional/diffuse. Multifocality was defined as two or more foci of disease in the same breast quadrant within 5 cm of one another. Multicentricity was defined as disease in multiple breast quadrants or disease foci separated by more than 5 cm. For tumors with multifocality or multicentricity, the size of the largest lesion was recorded.
Statistical Methods
Pearson's Chi squared test for marginal homogeneity was used to test for association between two categorical variables. Pearson's product-moment correlation was used to evaluate the extent of linear dependence between two continuous variables. Multiple logistic regression analyses were used to evaluate relationships between mammographic features and several clinicopathologic endpoints. Partial effects were evaluated for significance (p \ 0.05) using two-sided Wald tests. Multiple Cox proportional hazard regression analysis was used to evaluate the extent to which mammographic features were associated with time from diagnosis of DCIS to diagnosis of LR. Patient follow-up was censored at the end of the study or death if no LR had occurred previously. Death without recurrence was considered a competing event. Cumulative incidence for each type of microcalcifications morphology was estimated according to the method proposed by Fine and Gray. 27 The reported hazard ratios were adjusted for the partial effect of age. Propensity scores were used to adjust for confounding due to nonrandomized selection of XRT. 28 Specifically, a propensity score characterizing the probability of undergoing XRT was estimated for each patient using stepwise logistic regression with the following clinical predictors: age, surgical margin status, breast tissue density, and tumor grade. Analyses were performed using the statistical software SAS 9.3 and R (R Development Core Team, http://www.r-project.org), version 3.1.2.
RESULTS
Of 1911 patients with pure DCIS who underwent mammography and were treated at our institution during the study period, 254 patients were excluded because they had no suspicious findings on mammography (n = 99) or had noncalcified lesions (n = 155), leaving 1657 patients in the final analysis.
Association of Mammographic Findings with Clinical, Histopathologic, and Biologic Features
The imaging, clinical, and histopathologic features are summarized in Table 1 . The mean age at diagnosis was 55 years (standard deviation, 11). A total of 987 patients (60 %) had BCS, and 670 patients (40 %) had mastectomy. At pathologic examination, positive/close surgical margins were seen in 82 patients (8 %) who underwent BCS and 18 patients (3 %) who underwent mastectomy. Of the patients with known ER status, most (n = 867; 82 %) had ERpositive disease. Of the patients who had BCS 82 % (n = 807) received adjuvant XRT.
Separate analysis by age (Table 2) showed that women aged 50 years or older were more likely to have ER-negative disease (p \ 0.0045) and undergo BCS (p \ 0.0001), whereas women younger than 50 years were more likely to have extremely dense breast tissue (p \ 0.0001) and multicentric disease (p \ 0.0004).
Mastectomy was strongly associated with multicentricity (p \ 0.0001) and large lesion size (p \ 0.0001). Extremely dense breast tissue was associated with positive/close margins (p = 0.04) and multicentricity (p \ 0.01).
Results of multiple regression analysis are shown in Table 3 . Grade 3 DCIS and comedonecrosis were 
Association of Mammographic Findings with LR
Ipsilateral LR occurred in 38 (4 %) of the 987 women who underwent BCS. Of these recurrences, 25 (66 %) were DCIS, and 12 (32 %) were invasive cancer; the pathology subtype was not recorded in 1 patient (2 %). LR occurred in 10 (1.5 %) of the 670 women who underwent mastectomy. Of these recurrences, 2 (20 %) were DCIS, and 8 (80 %) were invasive cancer. The LR rate after BCS without XRT was 5. (Table 4) showed that XRT was associated with an estimated 2.78-fold reduction in the rate of LR. In addition, the rate of recurrence was 5.13 (p = 0.023) times as high for women with fine linear (branching) calcifications and 3.41 (p = 0.052) times as high for women with coarse heterogeneous/fine pleomorphic calcifications as it was for women with punctate/ amorphous microcalcifications (Fig. 1) . Among patients who presented with coarse heterogeneous/fine pleomorphic microcalcifications and underwent BCS, patients with postoperative XRT were four times less likely to have LR than patients without XRT.
DISCUSSION
This study validates previously reported descriptions of the mammographic appearance of microcalcifications in pure DCIS. Most patients had microcalcifications as a presenting finding, in agreement with previous reports. [29] [30] [31] Furthermore, coarse heterogeneous/fine pleomorphic was the most common morphologic type, and clustered/grouped was the most common distribution, in agreement with previous findings in patients with DCIS of all types (pure DCIS and DCIS with microinvasion or invasion). [13] [14] [15] 22, 23, 32 This study also provides clinically relevant information regarding the relationship between microcalcification morphology and distribution and clinical and histopathologic features. We found that high grade and comedonecrosis were associated with fine linear (branching) and coarse heterogeneous/fine pleomorphic microcalcifications, larger mammographic DCIS size; linear/segmental distribution was associated with comedonecrosis, as previously reported for DCIS Data are number of patients with percentages in parentheses unless otherwise indicated patients. 13, 15, 30, 33 Our data confirm the clinical significance of these mammographic features as indicators of more aggressive disease.
Because reports indicate that presentation and biology of DCIS may differ by patient age we examined imaging, clinical, and histopathologic features in patients 50 years of age or older and younger than 50 years. 34, 35 We found no difference in microcalcification morphology or distribution between these two groups. However, younger patients were more likely to have dense breast tissue and multicentric/multifocal disease and undergo mastectomy, while older patients were more likely to present with ER-negative disease.
There is increased interest in the evaluation of patients with dense breast tissue, because multiple states have passed legislation regarding supplemental screening in this Multiple logistic regression analysis was implemented using the set of independent variables (breast density, microcalcification morphology, microcalcification distribution, mammographic size, ER-negative status) for each dependent variable (grade 3, comedonecrosis, and multicentricity)
p values for the partial odds ratios derive from the two-sided Wald test. For categorical predictors with three factor levels, the partial odds ratio for observing the dependent variable is provided in relation to the reference category indicated by 1 (-). For mammographic size, the partial odds ratio is provided per unit increase in cm Statistical inference used multiple Cox proportional hazard regression. Death without recurrence was considered a competing event. The reported hazard ratios were adjusted for the partial effects of the propensity score characterizing the probability of being selected for radiation therapy as well as the partial effect of microcalcification distribution (cluster/group vs regional/diffuse/linear/segmental). Both failed to attain significance in multivariate analysis. The partial hazard ratios for microcalcification morphologies are provided in relation to the reference category indicated by 1 (-). For age, the partial hazard ratio is provided per unit increase in years subgroup. Our analyses of patients with pure DCIS showed associations between young age, dense breast tissue, multicentricity/multifocality, larger size, and positive surgical margins. Fitz Sullivan et al. reported that multicentricity, pathologic lesion larger than 1.5 cm, and necrosis were independent risk factors for close surgical margins. 36 Recommending supplementary staging with an additional imaging tool such as MRI may be appropriate for patients with pure DCIS and dense breast tissue.
37-39
The significance of ER expression in terms of the biologic behavior of DCIS has been reported in the literature. [40] [41] [42] There was no significant association between imaging features of microcalcifications and ER status; however, ER-negative pure DCIS was associated with high nuclear grade, comedonecrosis, and older age. 25 Therefore, ER-negative pure DCIS is more likely to be aggressive; this needs to be taken into consideration when management options are selected, especially in older women.
The relationship between mammographic, clinical, and histopathologic features of DCIS and LR was studied. We found that age, smaller pathologic DCIS size, and XRT decrease the risk of ipsilateral recurrence, as previously established in the literature. 20, [43] [44] [45] We also found that dense breast tissue (heterogeneously dense or extremely dense) was a significant risk factor for ipsilateral recurrence in patients with pure DCIS, which is a novel finding. Patients with extremely dense breast tissue had an increased incidence of positive surgical margins and multicentricity/multifocality; we hypothesize that these factors may contribute to the increased risk of LR for these patients. There are prior reports of increased rate of LR in patients with multicentric/multifocal DCIS treated with BCS, supporting our hypothesis. 46, 47 Fine linear (branching) microcalcifications were associated with a fivefold increase and coarse heterogeneous/ fine pleomorphic microcalcifications with a 3.4-fold increase in the rate of LR. These types of microcalcifications were also significantly associated with nuclear grade 3 and comedonecrosis. These associations remained after correction for histopathologic variables. Holmberg et al. studied the association between mammographic microcalcifications and LR in the ipsilateral breast in a case-cohort study within a randomized trial of breast conservation for DCIS (SweDCIS). 48 They found an increased risk of ipsilateral breast cancer recurrence in patients with coarse heterogeneous/fine pleomorphic and fine linear (branching) microcalcifications, similar to our findings. The most common type of recurrence was in situ carcinoma, as was the case in our patient population. Therefore, certain mammographic appearances of microcalcifications in patients with pure DCIS may predict higher risk of LR and may need to be taken into account in treatment planning and surveillance. However, it should be kept in mind that the overall recurrence rate in our study was very low: only 2.5 % of patients who underwent BCS had a recurrence in the form of in situ carcinoma, and only 1.2 % had an invasive cancer recurrence. Currently, there are multiple discussions about ''overtreatment'' and ''overdiagnosis'' of DCIS, and clinical trials addressing this question are underway in Europe and under development in the United States. 49 This question is beyond the scope of our study; however, our results confirming a low recurrence rate in patients with pure DCIS, with the majority of recurrences being in situ carcinomas, support the need for such trials. Also, the increased LR rate in patients with extremely dense breast tissue and larger DCIS size seen in our study may indicate that special consideration should be given regarding enrollment of patients with these features in such clinical trials.
Our study had some limitations. The major limitation was the retrospective design. Also, not all variables were available for the entire set of patients, further limiting analysis.
This study is one of the largest published to date systematically analyzing mammographic, clinical, histopathologic, biologic findings, and LR in patients with pure DCIS. We found that grade 3 DCIS and comedonecrosis were associated with fine linear (branching) microcalcifications, linear/segmental distribution, large DCIS size, and ER-negative lesions. Young patients with dense breast tissue are at increased risk for multicentricity and close surgical margins. Dense breast tissue, larger DCIS size, and fine linear (branching) calcifications were associated with increased rate of ipsilateral LR in patients who underwent BCS for pure DCIS. Therefore, patients with these features undergoing BCS may be candidates for exploration of supplemental imaging at staging and for alternate treatment and surveillance options.
